Abstract A very simple strategy for preparing Sb 2 O 3 nanostructures under ambient aqueous condition is presented. Sb 2 O 3 nanoparticles with an average size of approximately 44 nm were synthesised using wet chemical method. Senarmontite cubical structure Sb 2 O 3 nanocrystals have been selectively harvested in high yield. The asobtained nanoproducts were characterized by X-ray powder diffraction, Fourier transform infrared (FTIR), ultraviolet-visible near infrared spectroscopy (UV-Vis-NIR) and scanning electron microscopy (SEM) analyses. The size of the Sb 2 O 3 nanoparticles was found to be in the range 44-385 nm from Debye-Scherrer equation. The X-ray density, surface area and porosity of Sb 2 O 3 nanocrystals were found to be 2.969 g/cm 3 , 2.0208 9 10 14 cm 2 /g and 1.0185 9 10 -3 m, respectively. From the UV-Vis-NIR analysis, the band gap of Sb 2 O 3 nanocrystals was estimated to be 5.6 eV at 220 nm. The various functional groups in the samples were identified using FTIR spectral studies. The SEM images showed a very spiky morphology. Very small spherical-shaped objects were clearly observed within these structures. The extinction coefficient, real and imaginary part of the dielectric constant, electric susceptibility and the refractive index of Sb 2 O 3 nanocrystals were 7.605 9 10 -9 , 0.2851 9 10 -17 , 3.747 9 10 -8 , 0.48322 and 2.4636, respectively.
Introduction
It is now wide accepted that many fundamental properties of nanocrystals depend strongly on their shape, size and microstructure. Over the past decades, driven by the development of next generation low cost nano devices, researchers have been exploring ways to control shapes of nano building blocks. Recently, oxide nanoparticles have increasingly gaining interest over past decade to the possibilities of fabricating the nanostructured materials showing novel properties compared with bulk materials (Linderoth and Pedersen 1994; Iwanaga et al. 1998) . Antimony trioxide (Sb 2 O 3 ) is regarded as one of the important sensor materials for detecting leakage of inflammable gases because of their high sensitivity to low gas concentration (Yamazoes 1991) and wide industrial such as conductive material, functional filters, adhesives and textile back coating (Sato et al. 1998 ). In addition, Sb 2 O 3 is used as a catalyst in the polyester industry and as a clarifying agent in optical glass, television tubes crystal production and in dielectric coatings (Chin et al. 2007; Liu and Iwasawa 2002; Lewis and Jordan 1970; Jenkins 1958; Honica and Krebs 1959) . Upto now, utilising different synthesis, a great number of nanomaterials such as ZnO, TiO 2 , Co 3 O 4 and V 2 O 5 have been successfully obtained (Guo and Liu 2007; Nakajima et al. 2000; Lim et al. 2007; Li et al. 2001; Joseph et al. 2006; Gao and McGarthy 2006; Feng et al. 2005; Wang et al. 2006) . To the best of our knowledge, only a limited number of articles pertaining to TEM, AFM, and FESEM of Sb 2 O 3 nanocrystals have been published (Liu et al. 2004; Zhu et al. 2006; Feng et al. 2004; Wood et al. 1972; Wolfing and Hurych 1973) . In this paper, we present the fabrication of nanocrystals. Further more in our case, the as-synthesized Sb 2 O 3 nanocrystals exist relating to a smaller particle size obtained by one step solvothermal synthesis and these crystals are characterized by XRPD, FTIR, UV-Vis-NIR and SEM analyses.
Experimental procedure

Materials
Antimony trioxide (Sb 2 O 3 ), ethanol (C 2 H 5 OH) and PEG-6000 were purchased from E-Merck. All the reagents used in the experiments were analytical grade and used without further purification. Double deionised distilled water was used throughout the experiment.
Synthesis of Sb 2 O 3 nanocrystals
In a typical process, 0.1 M of Sb 2 O 3 was dissolved in 40 ml of ethanol with vigorous stirring to form a homogeneous solution. 50 mg of PEG-6000 was added to the above solution under continuous stirring until an opalescent mixture was obtained. Then the mixture was stirred for another 30 min, and about 15 ml of mixture was transferred into a Teflon-lined stainless steel autoclave 60 ml of 70 % capacity of the total volume. The autoclave was hermitically sealed and maintained at 120°C for 12 h, and then cooled to room temperature normally. The resultant white precipitate was centrifuged, washed several times with distilled water and CCl 4 was added to remove the impurities and then dried at 60°C for 3 h. The white product so processed was later used for different characterization studies.
Characterization techniques X-ray powder diffraction (XRPD) of the products was measured using a D/max (2,500 V, Rigaku, JAPAN) and X-ray powder diffractometer at a scanning rate 2h ranging from 10°to 70°using CuK a radiation (k = 0.15418 nm). For the optical absorption studies, UV-Vis-NIR (Hitachi U-3400) spectrophotometer was used. Fourier transform infrared spectroscopy (FTIR) spectra were recorded with a Nicolet Avatar-370 spectrometer equipped with a TGS/PE detector and a silicon beam splitter with 1 cm -1 resolution. The sizes and morphologies of the products were investigated by a scanning electron microscopy (SEM), performed on a JSM-6700F at an acceleration voltage of 16.0 kV scanning electron microanalyses.
Results and discussion X-ray powder diffraction analysis Figure 1 presents the XRPD patterned as-synthesised Sb 2 O 3 nanoparticles. From XRPD diffractogram, all labelled reflection peaks can be readily indexed to the senarmontite structure as per the standard ASTM card. No evidence of metallic antimony signal was detected in the nanosamples. In addition, no obvious impurities could be detected in the pattern, and the sharp strong characteristic peaks suggest that the resulting products were well crystallized. The size of the Sb 2 O 3 nanoparticles were determined by applying the Debye-Scherrer equation to the half intensity width of the (111), (121) and (012) peaks. The average size of the nanocrystallites was also estimated using Debye-Scherrer formula:
where k, b and h are the X-ray wavelength, the full width at half maximum (FWHM) of the diffraction peak and the Bragg diffraction angle, respectively. The estimated crystalline size was found to vary from 44 to 385 nm from XRPD data. It is known that for cubical structure, the lattice parameter can be calculated by the formula:
where h, k, and l are all integers, (hkl) in the lattice place index and a in the lattice constant. The strongest peak (111) was used to estimate the lattice expansion of the nanocrystals. The lattice parameter was estimated to be 2.3538 Å . The X-ray density for a cubical system is evaluated using the formula:
where M is the molecular weight, N is the Avogadro number and a is the lattice constant. The density was found to be D x = 2.96919 g/cm 3 . Further, the specific area of the Sb 2 O 3 nanoflakes along the strongest peal is calculated using the formula:
where D and D x are the particle size and X-ray density of the Sb 2 O 3 nanocrystals, respectively. The specific area of Sb 2 O 3 nanocrystal was found to be 2.020814 9 10 4 cm 2 /g.
Ultraviolet-visible-NIR absorption studies
The band gap of the bulk Sb 2 O 3 crystal is 3.30 eV, which was determined by the UV-Vis-NIR transmission spectrum in the 1970's (Ashour et al. 1995; Kaid and Ashour 2007; Gupta and Mansingh 1996) . Here, an optical absorption study is carried out in order to provide a simple and an effective method to explain some features concerning the optical band gap structure. Figure 2 shows the UV-Vis-NIR absorption spectrum of spherical Sb 2 O 3 nanoparticles measured at room temperature in the wavelength ranging from 190 to 1,100 nm. The spectrum shows that band with a prominent absorption, maximum at 220 nm, was attributed to the band gap absorption appearing in the visible region. The optical band gap (E g ) was evaluated from the transmission spectra and the optical absorption coefficient (a) near the absorption edge is given by (Chin et al. 2007) :
where A is constant, E g in the optical band gap, h is the Planck's constant and t is the frequency of the incident photons. The band gap of the Sb 2 O 3 nanocrystal was estimated by plotting (aht) 1/2 versus ht and extrapolating the linear portion near the onset of absorption edge to the energy axis. The value of band gap is 3.3 eV. The measured transmittance (T) was used to calculate the absorption coefficient (a) using the formula:
where t is the diameter size of the nanosample. The extinction coefficient (a) is got from the following relation:
The transmittance (T) is given by,
which is constant at k = 220 nm. The reflectance (R) in terms of the absorption coefficient is found using the following equation
The refractive index (n) is calculated using,
The refractive index n is 2.4636 for Sb 2 O 3 nanocrystallites. From the optical constants, the electrical susceptibility (v c ) is calculated using the equation,
where o is the dielectric constant in the absence of any contribution from free carriers. The value of electric susceptibility (v c ) is 0.48322 at k = 220 nm. The real part dielectric constant ð r Þ and imaginary part of dielectric constant ð i Þ is calculated using the following equation:
The values of real ð r Þ and imaginary ð i Þ dielectric constant were found to be r ¼ 0:2851 Â 10 À17 and i ¼ 3:747 Â 10 À8 .
Fourier transform infrared spectrum FTIR spectra of Sb 2 O 3 nanocrystal were carried out in the middle IR region between the wave number 400 and 4,000 cm -1 . The spectra obtained are shown in Fig. 3 . The peaks at 3,727.28 and 3,122.67 are attributed to two water bands corresponding to stretching and bending vibration. These regions indicate the hydroscopic character of the powder samples. The peaks at 733 and 601.07 are assigned to the Sb-O-Sb vibrations. The small absorption due to metal oxygen (N-O) stretching is also seen at around 601 cm -1 . The spectra of this sample heated at 120°C show the sharpening of the bands and slight shift to the higher frequency have been observed. This exhibits occurrence of the band shortening and reduction in the mean Sb-O-Sb in the bond angle (Gaffar et al. 2003; Bosshard et al. 1993; Hatton et al. 2006; Austin and Mott 1969; Benet and Gnanam 1994) .
Scanning electron microscope analysis
The morphologies of the resulting products were examined using SEM. Figure 4 exhibits SEM images of the prepared Sb 2 O 3 sample. It is well established that the majority of the nanocrystallite have spherical shape with a diameter of about 44 nm at the centre and length 385 nm on average, which is similar to the quasi-spherical Sb 2 O 3 nanoparticles produced by the c-ray radiation oxidation route (Dzimitrowice et al. 1982) .
Conclusion
A very simple and convenient method was adapted to grown Sb 2 O 3 nanocrystal by wet chemical method. The perfection of crystallinity was confirmed XRPD and the peaks were indexed. The band gap and the related physical parameters were evaluated using UV-Vis-NIR analysis. The various functional groups in the molecule were elucidated by FTIR spectral analysis. The size of the asobtained Sb 2 O 3 nanocrystals were predicted using SEM topography and the results are in good agreement with the XRPD results. FESEM, AFM and PL studies are in progress.
